Background: Acquired myasthenia gravis (MG) in cats most commonly causes generalized weakness without megaesophagus and is more often associated with a cranial mediastinal mass, compared to dogs.
A cquired myasthenia gravis (MG) is an antibodymediated autoimmune disease in which skeletal muscle weakness occurs as a result of impaired neuromuscular transmission because of loss of nicotinic acetylcholine receptors (AChRs) at the neuromuscular junction and disruption of postsynaptic membrane morphology. 1 Acquired MG is a relatively common neuromuscular disease in dogs, 2 but is less frequent in cats. 3 The most common clinical signs of MG in cats include generalized weakness without megaesophagus and generalized weakness associated with a cranial mediastinal mass. 2 Autoantibodies to AChRs are found in most human patients with acquired MG and rarely seen in healthy humans or patients with other diseases. 4 A similar specificity of AChR antibodies is also present in dogs and cats with acquired MG. 5 The presence of pathogenic AChR antibodies proves an autoimmune response against AChRs, which is not detected with other causes of muscle weakness.
Early reports of acquired MG in cats are limited to case studies [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and retrospective case series. 3, 16 Of the 13 cats in these reports, 6 were treated with pyridostigmine alone, 6 were treated with a combination of pyridostigmine and steroids (prednisone or prednisolone), and 1 cat was treated with only prednisolone. Six of these cats had thymomas that were surgically removed.
In the large retrospective study evaluating acquired MG in cats, 3 clinical signs and risk factors of 105 cats were described. There is a greater incidence of MG in Abyssinian and Somali cats. 3 Generalized weakness was the most common clinical sign seen in 57 cats (54.3%). In addition, 25.7% of cats with MG (27/105) had a mediastinal mass, compared with only 3.4% in dogs 2 and approximately 21% in people. 17 The aim of this retrospective study was to extend and compare findings from the previous report of 2000 3 to a larger group of myasthenic cats. We compared signalment, clinical signs, and the presence or absence of a cranial mediastinal mass to the previous retrospective report. In addition, we report the results of medical treatment, including medical versus surgical treatment of a mediastinal mass associated with MG, and evalu-ated whether cats are similar to dogs in terms of spontaneous remission of acquired MG.
Materials and Methods
Myasthenic cats with a serum AChR antibody titer >0.3 nmol/ L diagnosed between 2001 and 2012 were identified for inclusion in this study from the database of the Comparative Neuromuscular Laboratory, University of California, San Diego. The AChR antibody titer was determined by immunoprecipitation radiommunoassay using a feline-specific antigen as previously described. 3 Signalment including sex, neuter status, breed, and year of birth were also obtained from the clinicopathologic database.
For information regarding specific treatment, response to treatment and follow-up status, referring veterinarians with myasthenic cats included in the study were contacted and asked to submit medical record information. Information requested included presenting clinical signs, date clinical signs were first noted, and vaccination history. Thoracic imaging results indicating the presence or absence of a mediastinal mass and the pathologic diagnosis from biopsy specimens were collected. Information was also collected about surgical versus medical treatment, survival time, and spontaneous remission. Spontaneous remission was defined as the resolution of clinical signs without continued medication and the return of the AChR antibody titer to within the reference range. When myasthenic cats had multiple AChR antibody titers available, an increase or decrease in titer concentration was noted compared to the initial (baseline) titer value.
Kaplan-Meier survival curves were used to determine if treatment type and the presence or absence of a mediastinal mass had an effect on survival. A Pearson's correlation coefficient was used to evaluate AChR antibody titer and survival. Odds ratios were calculated with a 95% confidence interval (CI) evaluating for risk of age, breed, and sex. Cats tested for acquired MG, but having negative AChR antibody titers, during the same study period were used as control. These control cases were from blood samples submitted to the laboratory with neuromuscular signs, but with negative AChR antibody titers.
Results
From 2001 to 2012, acquired MG was diagnosed in 235 cats at the Comparative Neuromuscular Laboratory, University of California, San Diego. Information was available on breed (218 cases), sex (221 cases), and year of birth (222 cases). Males and females were equal in number and mixed breed cats (80.4%) were more common than purebred cats (19.6%). There was an increased odds ratio for development of MG in Abyssinian (OR = 4.97) and Somali cats (OR = 11.60) compared to other breeds (Table 1) . No significant differences in outcomes by sex (P = .7) or breed (P = .24) were found. The age at diagnosis was 8.6 years (mean, range 6 months to 15.4 years). Because medical records with vaccination history were only available for 14 cats, it was not possible to determine a relation in timing of vaccination to onset of clinical signs (range 11-935 days). Five cats were receiving methimazole treatment for hyperthyroidism at the time of diagnosis of MG.
Presenting clinical signs were well described in the medical records for only 30 cats and included generalized appendicular muscle weakness without regurgitation or dysphagia in 15 cats (50%), focal clinical signs including regurgitation or dysphagia without generalized weakness in 3 cats (10%), and generalized weakness with regurgitation and dysphagia in 12 cats (40%). Results of thoracic radiographs were available in 9 cats with clinical signs of regurgitation. Megaesophagus was found on the radiographs of 5 cats and not noted in 4 cats. In 1 cat with clinical signs of regurgitation and no evidence of megaesophagus, radiographic evidence of aspiration pneumonia was noted. There was no difference in clinical presentation and presence or absence of a mediastinal mass.
Medical records of 133 cats included reports of thoracic radiographs and the presence or absence of a cranial mediastinal mass. A cranial mediastinal mass was observed in 69 (52%) cats. Histopathologic diagnosis of the mass was available for 36 cases via surgical biopsy or fine-needle aspiration. Thymoma was diagnosed in 35 (97.7%) cats and lymphoma in 1 cat (2.3%).
Cats with MG were treated with medical management only (82 cats), surgery only (5 cats), or both medical and surgical management (35 cats). Medical treatment in 117 cats included steroids (prednisone, prednisolone, or triamcinolone) alone in 20 cats, pyridostigmine alone in 17 cats, a combination of steroids and pyridostigmine treatment in 65 cats, or combination of one or both of these with other immunomodulatory medications (cyclosporine, chlorambucil, or both) in 15 cats.
Serial AChR antibody titers were performed in 54 cats, of which 29 cats had thymoma, 19 cats without thymoma, and unknown in 6 cats ( Fig. 1) . Of the 29 cats with thymoma, 17 cats (57%) had a decrease in AChR antibody titers. Of these 17 cats, 12 (70%) had surgery and medications, 3 (18%) had only medications, and 2 had unknown treatment (12%). The titers increased in 7/29 (24%) of the thymoma cases with 6 (86%) cats having surgery and 1 cat having an unknown treatment. Of these 6 cats with surgical mass removal, 5 also had concurrent medical treatment for MG; the concurrent treatment was unknown for 1 cat. Antibody titers increased and then decreased from baseline in 3/29 (10%) and decreased and then increased in 2/29 (7%) of the thymoma-associated MG cases. These latter 2 groups of 5 cats had both surgery and medical treatment. Cats in the thymoma group did not go into immune remission as continued medication was required and the AChR antibody titer remained elevated. Of the 19 cats without thymoma, the AChR antibody titer did not initially increase on follow-up testing in any cat, 14 of the cats (73%) had a decrease in antibody titer, 3 cats (15%) had an initial increase in titer and then a decrease, and 2 cats (10%) had an initial decrease in titer and then an increase. Comorbidities were reported in the medical records of 56 cats with acquired MG and many of these cats had multiple disease processes in addition to MG. Fourteen (25%) of these cats had a heart murmur or cardiomyopathy with 2/14 having a history of congestive heart failure. Ten cats (18%) had hyperthyroidism, 6 cats (11%) had diabetes mellitus, and 5 cats (9%) had a history of pneumonia (presumed to be secondary to megasophagus in 4/5 cats). Corneal ulceration, dermatitis, and pleural effusion were described in 4 cats each. Three cats were identified as having seizures and 3 cats were reported to have dental disease. The following diseases were described in 2 cats for each: herpes, urinary obstruction, diffuse bronchial disease, asthma, feline lower urinary tract disease, cholangiohepatitis, upper respiratory infection, and erythema multiforme. The following diseases were identified in at least 1 cat: keratoconjunctivitis sicca, otic polyp, retropharyngeal abscess, hypertension, right femoral fracture, gastrointestinal illness, possible vaccine reaction, hydronephrosis, hepatic lipidosis, pancreatitis, pemphigus foliaceous, chorioretinitis, Bartonella infection, obesity, renal insufficiency, renal failure, pancreatic cancer, neoplastic skin disease, and renal carcinoma. The cat with renal carcinoma and the cat with neoplastic skin disease had a concurrent thymoma; the other 2 cats with pancreatic neoplasia did not have evidence of a thymic mass on radiography.
Clinical outcomes were available in 92 cats. Only 35 cats (38%) were alive at the time of this study (range 11 days to 115 months from diagnosis). Four cats (4%) died and 53 (58%) were euthanized (range 1 day to 97 months from diagnosis). After treatment, only 5 of the surviving cats went into spontaneous remission and showed normalization of the AChR antibody titers. An additional cat went into clinical disease remission for 1 year and then came out of remission. This cat did not have a thymoma and was euthanized 507 days after diagnosis.
Clinical outcome was not associated with the presence or absence of a cranial mediastinal mass (P = .49). In the population of cats with a cranial mediastinal mass, there was no significant difference in outcome by medical treatment (P = .67) or surgery (P = .09). There was a significant negative correlation (r = À0.3, P = .001) between the value of the antibody titer and survival time (Fig. 2) .
Discussion
Similar to our previous study on acquired MG in 105 cats, 3 this study in 235 myasthenic cats identified an increased relative risk in Abyssinian and Somali cats. Consistent with the previous report, there was no sex predisposition. In dogs, there appears to be an increased risk for developing acquired MG in the Akita, Scottish Terriers, German Shorthaired pointers, and Chihuahuas. 2 In people, there is an increased risk of various types of MG based on race, sex, and age; muscle-specific kinase antibody-positive MG appears to be more common in African Americans with a younger age of onset and AChR antibody-positive MG is more commonly seen in males at an older age without a race predilection and is associated with thymoma. 18 Only 14 cats had information regarding vaccine history in the medical record. In a previous report, there was an exacerbation of clinical signs in a dog with acquired MG approximately 6 weeks after routine vaccination. 19 Because of the lack of medical record data and many unvaccinated indoor cats, we are unable to detect an association with vaccination to trigger the disease or vaccination-induced exacerbation of MG in cats. Acquired MG occurs in cats after methimazole treatment for hyperthyroidism because of the immunomodulatory properties of the medication. 13, 20 In this cohort of cats, 5 cats were receiving methimazole treatment at the time of diagnosis. One of the cats was still alive 3 years after diagnosis and the other was alive about 2.3 years after diagnosis. Both cases were then lost to follow-up. There is no information about the treatment or outcome of the other 3 cases. Two additional cats had previously been treated with methimazole, but then had I 131 treatment, and were not on methimazole treatment at the time of diagnosis. Another cat was started on methimazole treatment after diagnosis of MG with no report of worsening of clinical signs.
Generalized weakness without megaesophagus or dysphagia was present in 50% of the cats in this study; this is lower than in our previous study (64%). Because of the retrospective nature and reliance on medical records data, clinical signs were only accurately noted in 30 cats out of the cohort of 235 cats, which is a weakness of this study. In another study from a different group, about 85% (17/20) of cats with MG showed generalized weakness. 16 Generalized weakness with megaesophagus or dysphagia occurred in 40% of the cats in this study; this is higher than in the previous study (15%). Unlike in dogs where focal MG is relatively common, clinical signs localized to the esophagus or pharynx only (focal MG) composed about 10% of the cases; this is down from 21% in our previous study. Megaesophagus is not as common in cats compared to dogs, because of the increased proportion of smooth muscle in the esophagus compared to the canine esophagus, which contains mostly skeletal muscle.
An important finding in our study is that independently of the clinical presentation, there was a higher incidence of a cranial mediastinal mass (52%) than reported in our previous study (26%). 3 Our earlier report on MG in cats documented a greater association of a cranial mediastinal mass in MG in cats compared with MG in dogs. 3 The incidence of acquired MG in cats evaluated primarily for thymoma is between 4.7 and 6% of cases. 21, 22 On the basis of the relatively common association of MG and thymoma as shown in our study, we recommend AChR antibody testing on all cats with confirmed or suspected thymoma. This recommendation is standard in human medicine. 23, 24 In this study, 40 myasthenic cats with a cranial mediastinal mass underwent surgical removal. Thirty-five of these cats survived the immediate postoperative period and all but one of the surviving cats (34 cats) required medical management to control clinical signs of MG after thymectomy. This finding correlates with the veterinary literature where almost all cases of cats with MG-associated thymoma required postsurgical medical management to control signs of MG. 7, 11, 12 There is only 1 case of a cat reported with a cystic thymoma and associated MG that recovered postthymectomy without a relapse of clinical signs of MG. 9 In this study, no information was available regarding completeness of tumor resection. Based on the results of our study, it may be rare to have resolution of thymoma-associated MG after removal of the tumor. Therefore, owners should be alerted to the likelihood of continued medical management of MG after surgical removal of a thymoma. Because of the retrospective nature of this study, the variability in treatments and limited information available in the medical records, we were unable to reach any conclusions regarding best management of thymoma-associated MG. Further longterm prospective investigations of postoperative surgical cases are warranted to determine resolution of weakness and if normalization of serial AChR antibody titers would occur over time.
In both the human and veterinary literature, there are conflicting reports of continued clinical signs of MG versus remission of clinical signs after surgical removal of thymoma. 7, 11, 12, [25] [26] [27] [28] [29] [30] [31] [32] [33] Studies in myasthenic people include both cases of thymic hyperplasia and thymoma. The outcome of thymic hyperplasia cannot be directly compared to that of myasthenic cats with thymoma. One study, which followed myasthenic people after a thymectomy for various thymic masses, reported longterm improvement in the majority of patients with 34% showing complete remission and 33% showing substantial decrease in the requirement for medication. 32 In another study, the mean survival time in the 33% of patients showing no response postthymoma removal was decreased compared with survival time in patients showing a partial response (16.7%) and those with a complete remission (50%) 34 of MG clinical signs. This suggests that there is a decreased morbidity and mortality in patients who continue to show clinical signs of MG after thymic mass removal.
In this study, the majority of medically treated cats (56%) were treated with a combination of steroids and pyridostigmine (65/117) and the other cats were treated with steroids only (17%), only pyridostigmine treatment (14%), or with a combination of steroids +/-pyridostigmine with other immunomodulatory medications (13%). In this cohort, 15 cases where treated with adjunctive immunomodulatory medications that had not been previously reported in the literature as being used in cats with acquired MG. This included 13 cats treated with cyclosporine (with steroids AE pyridostigmine), 1 cat treated with chlorambucil (with steroids and pyridostigmine), and 1 cat treated with a combination of cyclosporine, chlorambucil, steroids, and pyridostigmine. Because of the retrospective nature of this study limiting the data available on outcomes in addition to the variety of treatments and dosages used, there is not enough information to correlate medical treatment with outcome. Future prospective studies evaluating medical treatment protocols would be needed to determine which treatment option may prove be the most beneficial in this disease.
To determine the course of the disease and possible immune remission, subsequent AChR antibody titers were performed in 54 cats with and without thymoma. There was no significant change in AChR antibody titers in cats with thymoma immediately after surgical intervention compared to pretreatment titers, which corresponds with a previous feline case report 10 and cases in the human literature. 35 Five of 54 (9.2%) MG cats went into spontaneous remission after treatment, requiring no further medication and with AChR antibody titers <0.3 nmol/L (4 cases not associated with thymoma and 1 with thymoma). Only 1 of the cats in remission had myasthenia associated thymoma, which was treated with surgical removal and a combination of steroids and pyridostigmine. Treatment for 2 of the other cats what went into remission consisted of steroids and pyridostigmine and 1 cat was treated with a combination of steroids, pyridostigmine, and chlorambucil. Information was lacking about the specific treatment used in 1 of the 5 cats that showed normalization of AChR antibody titer. Spontaneous immune remission is reported to occur in about 88.7% of canine acquired nonthymoma MG cases and clinical remission in 19.2-77.6% of human acquired MG cases. 36, 37 Based on the results of this study and previous reports, the overall rate of spontaneous remission appears to be less in cats compared to dogs and humans.
In all MG cases in cats (both with and without a cranial mediastinal mass), there was a significant correlation between higher AChR antibody titers and decreased survival time (Fig. 2) . As a normal distribution was not found when evaluating AChR antibody titer and survival times, no cutoff value could be determined that would help in assessing cats above or below a threshold value clinically. In human MG, there is also a more favorable outcome in patients with low or negative antibody levels. [38] [39] [40] Radiation therapy is another potential treatment option for myasthenic cats with thymoma. Reports of outcomes are limited. 34, 41 One study suggests a median survival time of 720 days in cats undergoing radiation therapy 41 versus 3.71 years in cats undergoing surgery for thymoma. 22 There is no information about the effect on clinical signs of MG in cats treated for thymoma with radiation treatment or surgery. Radiation could be considered as a potential treatment and may decrease the morbidity of surgery in the cat population, but more data are necessary. None of the cats in our population were treated with radiation therapy.
A surprising finding in our study was the large percentage of cats (58%) that were euthanized for this condition. A reason for euthanasia was not evident from the medical records. Possible reasons for euthanasia include inability to pursue surgical removal of a thoracic mass, difficulty administering medication to cats, limited information about outcome and prognosis, and client's inability to care for a cat with a neuromuscular disease. Further study into why clients decide to euthanize myasthenic cats is needed to determine ways to decrease morbidity and mortality.
In conclusion, MG in cats is associated with a high rate of euthanasia. A thymoma-associated cranial mediastinal mass occurs more frequently in cats than previously reported. There was a significant negative correlation (r = À0.3, P = .001) between the value of the antibody titer and survival time. Because of the nature of the study and missing data in medical records, the absolute incidence of spontaneous remission could not be determined with certainty, but as far as could be determined, immune remissions are not a characteristic of MG in cats compared to MG in dogs.
